Study design: A prospective treatment study with a new brace was conducted Objective. To evaluate radiological and subjective clinical results after one year conservative brace treatment with pressure onto lordosis at the thoracolumbar joint in children with scoliosis and kyphosis. Summary of background data: Conservative brace treatment of adolescent scoliosis is not proven to be effective in terms of lasting correction. Conservative treatment in kyphotic deformities may lead to satisfactory correction. None of the brace or casting techniques is based on sagittal forces only applied at the thoracolumbar spine (TLI= thoracolumbar lordotic intervention). Previously we showed in patients with scoliosis after forced lordosis at the thoracolumbar spine a radiological instantaneous reduction in both coronal curves of double major scoliosis.
Background
The conservative treatment with braces of adolescent spinal deformities in modern times, especially scoliosis, has not proven to be effective in terms of lasting correction of curves. In scoliosis several studies can show positive results in preventing progression of curves [1] [2] [3] [4] . In comparison with the ample literature for bracing in scoliosis, for kyphotic deformities only scarce literature on conservative treatment is available. But in contrast to scoliosis, in kyphotic deformities real correction of curves with casting and bracing has been shown [5] [6] [7] [8] [9] [10] . In the SOSORT 2005 Consensus Paper: "Brace action: where to push and why" the members give an oversight of all used types of rigid braces used in scoliosis in their institutions and the controversial factors in their way of acting and effectiveness, but all used pressure from lateral at the height of the apex [11] . All types of rigid bracing techniques were recently reviewed [12, 13] . No brace technique described in present literature is based on pure sagittal forces applied only at the thoracolumbar spine, thereby extending the spine as a whole. There are no studies available on a bracing technique equal for both of the most prevalent adolescent spinal deformities as the adolescent scoliosis and the adolescent kyphosis or hyperkyphosis, based on the same industrial made module. In a recent radiological study we showed the existence of a kyphosis at the thoracolumbar spine in any double curved scoliosis [14] . In addition, we showed that thoracolumbar lordotic intervention in the sagittal plane with a fulcrum, purely at the thoracolumbar joint, resulted in reduction of the deformities in the other planes and other areas in the sagittal contour. We concluded that pressure onto lordosis at the thoracolumbar joint seems more effective than our earlier used three point correction with pressure at the apex of the scoliotic curves. In this published study the immediate reduction also occurred in serious curves and almost matured children. The notion that restoration of lordosis at the thoracolumbar joint may be beneficial in deforming spines raised the question whether prolonged lordotic support by a thoracolumbar lordotic intervention in bracing may be beneficial throughout the process of growth. A brace which give children an immediate feeling of a correct posture seemed to be the answer. Because the restoration towards a normal or good posture in morphologic and functional ways was part of this technique, efforts were made to look for better etiologic factors or original science on this, that seems to be addressed more properly by this technique. The literature search for scientific background of deformities and its support to the proposed way of action to correct these disturbances of growth is described separately. The aim of this pilot study was to evaluate conservative treatment with this bracing technique in children after one year of treatment in the normal way by assessing radiographs. To this end the effect of a thoracolumbar lordotic intervention (TLI) in scoliotic and kyphotic deformities in adolescence was radiological measured. In addition, after one year patient satisfaction was recorded. Most of the radiological curves in coronal and sagittal planes improved strongly at the beginning and were still significant after one year of treatment.
The amount of children that completed brace treatment at time of this study and were seen 1 year after stopping was with 5 to small to be included. The reason only results after one year or preliminary results could be presented is a local one: the main author changed for institution and encountered serious inhibititive forces to proceed with this research. All children completed the regimen, but the results after one year provide good statistical insight in the potentials of this technique of treatment. An attempt to undertake a long term follow up of this cohort in that former institution, that skipped all care for spinal deformities is under preparation.
Materials and methods

Patients
In our (former) institution a consecutive series of 91 children with adolescent spinal deformities, scoliosis and kyphosis were prospectively treated with a thoracolumbar lordotic intervention brace for at least one year in the period [2002] [2003] [2004] [2005] . Two groups were formed (Table 1) : Group A with a predominantly scoliotic deformity in which the Cobb angle of at least one of the curves was more or equal than 25°and Group B with predominantly kyphotic deformity without scoliosis or scoliotic curves of less than 25°. 8 children in group A did wear a conventional Boston brace prescribed in other institutions and were referred because of progression.
Both growth dependant deformities were put together for several reasons, including the fact they react from the start (partly found by serendipity) the same on this type of correction and share most of their etiologic factors in the neuro-musculoskeletal integrity of growth processes and are based on the same early kyphotic changes in children with sitting as the prevailing posture in their lives.
Inclusion criteria:
Structural scoliosis or Thoracic hyperkyphosis with/or the presence of a Structural thoracolumbar kyphosis. The magnitude of the coronal nor the sagittal curves was not limited to a maximum in this study.
Exclusion criteria:
All magnitudes of maturation were allowed, except Risser V. Evident neuromuscular deformities, as in Cerebral Palsy and Meningomyelocele, congenital Deformities or concomitant syndromes as Marfan or Prader Willie.
The brace technique
For this specific brace technique in all children the 30°l ordosis Boston Brace (BBE Healthcare, Dundalk, Ireland) module was ordered and modified by (i) adding a bendable sternal support on the front side, (ii) trimming the body of the brace in a symmetrical way down to the level of the lower ribs, and (iii) reduction on the backside to half of the sacrum, freely supporting the lumbosacral lordotic curvature. No asymmetric pressure on bony structures was used, but (iv) extra padding was placed at the thoracolumbar spine at the paravertebral mass of the musculus erector trunci to create a lordotic fulcrum inside the brace (see Figure 1 ). This brace treatment is further called thoracolumbar lordotic intervention (TLI). All orthotic work was done by one orthotist (JM †). All children stayed for one night in the hospital in order to get them used to wear the brace under strict conditions. The recommended brace regimen consisted of wearing the brace at least 18 hours. Besides wearing it at night the child was urged to wear the brace at school to prevent the flexed position of the spine as much as possible. The hours "off-brace" were meant for bathing, sports and the more standing and walking activities. Every 3-4 months patients were controlled and by physician and orthotist for possible modification of the brace in the sense of providing more lordotic pressure. The sternal support was bent backwards each time and at the backside rims were taken of at the upper and the lower side for better extension. Brace treatment was stopped at estimated end of growth: closure of the pelvic apophyses (Risser V).
Postural therapy
In all patients postural therapy was applied before and continued during brace treatment. The postural therapy was performed with emphasis on extension and mobilizing the thoracolumbar spine, strengthening of the erecting muscles and stretching of tight musculature (e.g. hamstrings) while preventing flexion in the spine. Advise was given on optimal sitting postures and the need to change postures often. This was consequently prescribed in our institution for more than four decades, also when the previous brace types were in use. In Europe most institutions, certainly those related with SOSORT have exercise therapy incorporated in the conservative treatment in order to reinforce balance, optimal function and condition of the trunk musculature.
Radiology
Standing radiographs in AP and lateral direction were made when possible at three time points: T0 = indication brace treatment ( X-ray without brace, before brace treatment) T1 = start of the brace treatment ("in brace correction") and T2 = one year after start brace treatment (at least one hour without brace). Cobb method in coronal and sagittal planes on X-rays was used as described previously [14] .
Questionnaire
After one year a patient questionnaire was taken by an independent researcher. The questions aimed at the perception of treatment effect and information received from different health care workers involved in treatment.
Statistical analysis
For group A (N =38 ) and Group B (N = 53) treatment was evaluated by pair wise comparison with students-T test for Cobb angle T0 OB with T0 IB and at T1. Progression after treatment is defined as an increase 6°in Cobb angle at T1 compared to T0
OB [15] . From answers in the questionnaire mean and standard deviation were calculated. P<0.05 was considered to be significant.
Results
A total of 91 patients entered the study: 45 males and 46 females, mean age at start of treatment 13.8 ± 1.9 years and menarche (n = 38) 12.8 ± 1.2 years. With postural assessment at control visits the brace frequently showed some space at the level of the sternal support, indicating increased extension of the spine. In these instances pressure pads at the thoracolumbar area were adjusted (by adding foam liner) in combination with backward bending of the sternal support leading to more spinal lordosis or extension in at least 2 of the 5 visits. The number of scoliosis (group A) and kyphosis (group B) patients was 38 and 53, respectively. 67 out of 91 had evaluable radiological data for at least one Cobb angle. For group A and group B the different angles from 'in brace' and treatment comparison are shown in Table 2 . The 'in brace' results show for 6 out of the 7 angles a significant difference, proving the possibility of improvement towards lasting correction (Wolff's Law).
Evaluation of "in-brace results"(T0 OB -T0 IB )
Before beginning of treatment 'in brace' radiographs showed compared to off brace radiographs a strong reduction of the Cobb angles in kyphosis group for sagittal curves (n = 5, all p < 0.01) and coronal curves (n = 1, p < 0.01). For the scoliosis patients a significant improvement was obtained for 5 sagittal curves and 3 coronal curves. This suggest a maximal reduction of Cobb angles possible at the beginning of treatment. The right thoracic curve at start with a mean of 43°( range of 14°-76°) showed an in brace correction with a mean of 28°(range of 14°-56°), expressed in percentages corresponds this to an achievable reduction of 36% at the beginning of treatment.
For the left lumbar coronal curve the mean Cobb angle was 60°(range 30°-74°) with a mean in brace correction of 46°(range 22°-61°), corresponding to a possible reduction of 34%.
For the curves in kyphotic children the constant activation towards extension is reflected in lasting corrections in the sagittal contour in group B.
Evaluation after one year treatment (T0
OB -T1)
After one year of brace treatment in kyphosis group the Cobb angles on the radiographs made without brace (T1) compared to beginning of the treatment (T0 OB ) revealed a significant improvement in 3 Cobb angles: 2 sagittal and 1 coronal curve. For the scoliosis group the Cobb angles comparison (T1 -T0 OB ) revealed a significant improvement in 3 sagittal angles for the thoracic, thoraco-lumbar sagittal and pelvic incidence (p < 0.01). Out of this study, the changes in the pelvic incidence can be seen as a secondary event, which follows changes at the primary functional zone of the spine, the thoracolumbar joint.
The progression rate defined as an increase of 6°from baseline (T0 OB ) is shown in Table 2 . After one year of brace treatment in one of the 38 patients with scoliosis <25°(group B), a progression was obtained for the thoracolumbar left curve. This demonstrates in essence that in this group of patients the deformity is at least stabilized or even reduced. For the scoliosis patients (group A) the coronal curves showed on average a progression rate of 12.4%, which were higher for the thoracic right and lumbar sagittal curves than for the thoracolumbar left (4.2%) and pelvic obliquity (4.3%). For the sagittal curves the average in progression rate was 1%.
Questionnaire
Patient information regarding the treatment and satisfaction are shown in Figure 2 . After one year TLI treatment most of the patients were satisfied by the visible result, would choose the same treatment again, including postural treatment. One third of the patients perceived a subjective problem with wearing a brace . No child however stopped wearing the brace completely during this first year, so there were no "drop-outs".
Discussion
This study evaluated conservative treatment with thoracolumbar lordotic intervention (TLI) in scoliotic and kyphotic deformities in adolescence. In both patient groups after at least one year of treatment a significant improvement was obtained in the sagittal curvature. In addition, the coronal curves showed moderate to good correction, and only rarely progression under TLI treatment. Moreover, the majority of the patients were satisfied with their treatment, and are willing to undergo the same treatment again. This study clearly shows that the initial results of TLI treatment look promising.
It is not excluded that with an earlier start i.e. before the end of the spinal growth one may achieve more with TLI treatment, as the amount of contractures d in joints and real osseous deformations may be less extensive at the start of the treatment. Therefore, starting treatment consequently in an earlier phase of the deforming process, may lead to more success [16, 17] .
In the literature, two studies using the original Boston brace technique (conventional TLSO) reveal progression in the sagittal curves [18, 19] . Conventional TLSO is characterized by stabilize disease or prevent progression in coronal curves, leading to the conclusion that improvement in the coronal curves is accompanied in derotation in sagittal curves [13] . In the current study improvements of the postural balance were clearly obtained. The changes in the sagittal plane i.e. thoracolumbar sagittal, thoracic sagittal, and pelvic incidence Table 2 The mean and standard deviation (mean ± SD) of the difference in Cobb angles is shown separately for the two groups for various curves in two planes for comparison at the start of treatment with and without brace T0 OB-IB and after one year of brace treatment and the progression (Prog) rate after one year(T0 OB -T1) angle showed a lasting effect in both patients groups. In a previous study we showed the correction of double major curves while applying a forced lordotic intervention at the thoracolumbar joint [14] . In that study the interdependence of angles in the three dimensional configuration of the spine was demonstrated. The assessment of the sagittal contour and the functional behavior of the spine in any progressing deformity will be helpful ( Figure 3) . Based on the literature the natural history of the patients in our study with similar age and curve changes Figure 3 A fifteen year old boy with progressive Scheuermann kyphosis and serious back pain. Late referral but first treated with physical therapy between first and second X-ray. Wedging and Schmorl's nodi mainly in the thoracolumbar area (Cobb Th10-L2: 20°). Picture taken after the first night wearing a TLI brace: Clockwise: Left: standing, some scapular asymmetry is present. Middle: lateral view while active standing upright. Right: the contracted neuromuscular system while bending forward. Note the impossibility to keep the legs vertical, get the lumbar spine horizontal and the visible tight hamstrings. Flexion occurs in the upper spine, not around the hips. Under right : the skin of his back after the first night of wearing a TLI brace. The main pressure is on the paraspinal musculature with the apex at the thoracolumbar area at the same level as the elbow pits. There is no pressure mark on the processi spinosi or the lower ribs. In the middle: sitting with straight legs and left sitting on the edge of the couch. The thoracolumbar kyphosis redresses itself somewhat. TLI will maintain this continuously with progressive reduction.
may have an expected chance of progression between 40 and 70% [20] . In this context the TLI brace is a major improvement, as progression was a rare event. The failure rate of 21% in this first year in group A included 7 of the 8 referred children with an earlier unsuccessful treatment in a conventional technique.
Technical comparison of TLI brace with other bracing techniques, even with the Milwaukee type of brace, [21, 22] shows that in TLI also a type of elongation of the spine is accomplished, but now by a fulcrum, leaving shoulders, cervical spine and head free to move. The intentional correction forces with the Milwaukee brace (at first elongation) and other bracing techniques are essentially directed at the apex of the deformed curves. It will stay difficult to compare results of different types of braces because of many differences in characteristics of technique ( Table 3 ). The TLI treatment puts pressure only in the sagittal plane on the erecting muscles only and acts in the physiologic events of the deformation instead of aiming at the morphological events. It activates by pressure on only the paraspinal muscles these muscles to act more vigorously in achieving a good posture by symmetric extending the spine (Figure 3) . Even with the absence of controlateral trochanteric pressure in this brace technique or pure lateral corrective forces on the scoliotic curves, the configuration of the pelvic obliquity changes significantly. So it seems the form and inclination of the pelvis is dependent of the events at the center of the spine like described in evolutionary concepts [23] .
In the coronal plane a moderate (but not significant) improvement was obtained, suggesting also a lasting effect in the plane perpendicular to the TLI treatment pressure. The adaptation of the TLI brace by the orthotist at control visits towards more lordosis or extension supports the dynamic process of correction with small steps in time during this 12 months treatment period. Actually, the symmetric TLI brace allows movements like lateroflexion, torsion and further extension of the upper part of the body, where only the flexion is prohibited (Figure 4) .
The compliance for any brace treatment of spinal deformities in children is crucial. Secondary effects like pain, psychological problems with wearing a brace and the supposed negative feedback by classmates may all influence good compliance [24] [25] [26] . Brace treatment should be part of a more complex variety of supportive measurements where subjective scores are important, as children have to live with the brace for a prolonged period of time. Surprisingly, in the current study patient satisfaction was high, with also an apparently acceptable easiness of wearing. In addition, two-third of the patients were willing to undergo the same treatment again. Also the support of the postural therapist was scored as worthwhile. The children received the same message by three health care workers involved in TLI: orthopedic surgeon, orthotist and postural therapist: We all put energy in restoring a good posture with stimulation of extension and prevention of flexion, but you are the decisive factor for success. Thus the improvement of TLI treatment in these children may be explained by the combination of brace plus support.
The concept of thoracolumbar lordotic intervention in our developed brace technique is retrospectively supported by older German, Dutch and Swiss science and corsets compiled in textbooks and since 2001 by the work of Milan Roth of Brno [27] [28] [29] [30] [31] . Roth postulated and studied the disproportionate growth relation between the Central Nervous System ("the nervous skeleton") and bone [32] . He postulated and researched in mechanical models that controlling mechanisms on balance and posture should be arranged around the thoracolumbar joint, where the conus cauda is housed, as this should be as close to the centre of mass as possible. Lordosis at this central point will prevent the spine towards a shortening strategy in oppositional torsional and lateral curvatures. The morphological consequences of Roth hypothesis, that the cord is short and stretched in deformities, was recently confirmed by others with MRI [33] [34] [35] . This study may trigger discussion on TLI intervention and contrasts with the current mainstream on accepted aetiology of idiopathic scoliosis. Especially since Dickson describes lordosis in relation to scoliosis to be seen as hazardous, or at least under suspicion. Dickson and followers focus their investigations mainly at the thoracic curves [36] . Recently Ni and colleagues confirmed our discovery of a thoracolumbar kyphosis in scoliotic girls and gave it an important place for future developments in therapeutic strategies [37] . The concept of the corrective mechanism in this study is in line with Wolff's law on bone remodelling [38, 39] and the so called Volkmann-Hueter principle as both are of importance in growth and describe the needed balance in compressive and distractive forces on soft tissues as is guaranteed in playing children and pets [40] [41] [42] . That a deviation of the pathway towards optimalisation of growth in otherwise healthy children results in deformations, like kyphosis and scoliosis, must be mainly caused by external, lifestyle depending factors (overloading in flexion)and was written down a century ago in the monoscripts on the causes of "functional" scoliosis and kyphosis by Schanz and Murk Jansen. The latter also presented thorough research on the source of rotational forces in human bodies produced by the asymmetric strength of the diaphragm [43, 44] . We think with Roth, that the increased tension in the system (both muscles and nervous tissue)acts as the intrinsic deforming force [45] . Counteract these forces with restoration of lordosis is an attractive alternative for the kyphotic action in many types of braces. Only Weiss advocates a natural lordosis at the lumbar spine in his braces for scoliosis as a prerequisite for true correction and changed the Cheneau type of brace onto a more lordotic configuration at the lumbar spine. But on other etiologic premises and providing forces at a lower area of than in TLI [46, 47] . In TLI the important physiologic function of the thoracolumbar joint and its (early) physiologic changes by prolonged sitting with its forward thrust of the upper body and head are leading [48] . In the approach of Weiss promoting natural lordosis at the lumbar spine, the lordotic forces at the lumbar spine and their influence on coronal curves is clear, but is not suitable for correction of, or recommended for kyphotic deformities during childhood. In TLI the sequential adjustments to even more extension in lordosis by adding pads at the thoracolumbar area are not possible in the more static form of rigid braces now in use for different deformities, brought in different designs. Most designs do lock the mobility of the thoracolumbar spine, but can give predictable results, especially in kyphosis. Figure 4 The effect of sitting on a lateral X-ray. In these two radiographs of the same girl (12 year, bad posture, fatigue, Scheuermann in elder brother) taken in two different ways of sitting, some confronting chances can be seen. At the left an active way of sitting on the edge of a coach. At the right sitting in a complete relaxed way, showing an increase in the kyphotic curve Th1-Th12 from 49°to 69°. It was known in German literature as a "Sitzbuckel", but nowadays "gameboyback" looks more appropriate. The anterior compressing forces that will lead via the deformation of soft structures ( Volkmann Hueterprinciple) and deformation of bone ( Wollf's Law) in a given (genetically) resilience of structures are indirectly illustrated in this manner. Flattening of discs, stiffening of motion segments and wedging of vertebrae will occur if not treated. Loss of muscular condition at the posterior side can lead to further secondary or degenerative changes.
This study brings new aspects in conservative treatment of adolescent spinal deformities, based on basis biologic and broader clinical knowledge on deformities but has several limitations. First the mean age at start of treatment was quit late due to late time of referral. Some patients were even already treated in another hospital with a conventional Boston brace without success. Part of the explanation of the late diagnosis may be the fast decline of schoolscreening in the Netherlands in the last decades. Secondly we realize, that correction of osseous deformations takes a long time, and a longer follow-up in this group would be helpful to prove the effectiveness of TLI treatment, but this was not possible because of a change of institution by the main author(PvL). Thirdly, although this TLI treatment study was prospective in essence, it was not possible to obtain radiographic images and data from all curves from all patients. Only if all radiological data of the different curves were available or taken in the short period the follow-up study was performed the set of data of the patient was valid and incorporated in this table. Causes of lack of data are i) the absence of X-rays made in other institutions before referral, ii) the wish of parents not to take too much radiographs during the treatment period and iii) cases with technical errors such as incomplete presentation of the spine on the film.
In conclusion, with conservative treatment using thoracolumbar lordotic intervention (TLI) in scoliotic and kyphotic deformities in adolescence the initial results look promising with an effect of corrective force in one plane that effects curves in all other planes. A marked improvement in different planes after one year of treatment is shown. An effect not obtained with current brace techniques.
